Objective: This study investigates associations between hospital and surgeon volume, and racial differences in recurrence after surgery for prostate cancer. Methods: Data from the 1991 to 2002 Surveillance, Epidemiology, and End-Results-Medicare database were examined for 962 black and 7387 white men who received surgery for prostate cancer within 6 months of diagnosis during 1993-1999. Cox regression models were used to estimate the relationships between volume (grouped in tertiles), recurrence or death, and race, controlling for age, Gleason grade, and comorbidity score. Results: Prostate cancer recurrence-free survival rates improved with hospital and surgical volume. Black men were more likely to experience recurrence than white men ͓hazard ratio (HR) ϭ 1.34; 95% confidence interval (CI): 1.20 -1.50͔. Stratification by hospital volume revealed that racial differences persisted for medium and high volume hospitals, even after covariate adjustments (medium HR ϭ 1.30, 95% CI: 1.04 -1.61; high HR ϭ 1.36, 95% CI: 1.07-1.73). Racial differences persisted within medium and high levels of surgeon volume as well (medium HR ϭ 1.43, 95% CI: 1.10 -1.85; high HR ϭ 1.57, 95% CI: 1.14 -2.16). Conclusions: High hospital and physician volumes were not associated with reduced racial differences in recurrence-free survival after prostate cancer surgery, contrary to expectation. This study suggests that social and behavioral characteristics, and some aspects of access, may play a larger role than organizational or systemic characteristics with regard to recurrence-free survival for this population.
P rostate cancer is the leading cancer diagnosis among American men and the second most common cause of cancer-related death among this group. An estimated 218,890 new cases of prostate cancer will be diagnosed in the United States in 2007, with an estimated 27,050 deaths. 1 Prostate cancer incidence and mortality rates for both blacks and whites have declined since 1991-1992; however, the incidence and mortality rates for blacks remain approximately twice as high as those for whites. 2, 3 Treatment options for prostate cancer vary by stage of disease, patient preference, and other comorbidities. Studies have shown treatment 4, 5 and treatment outcomes 6, 7 to differ by race. Black men are less likely to get aggressive definitive treatment compared with whites. 4, 5 Although survival after treatment for localized prostate cancer has been shown to be lower for blacks compared with whites, particularly after surgery, 6 research to identify treatment-specific variables related to racial differences in treatment outcomes is lacking.
To this end, there is a growing interest in understanding how physician and hospital characteristics affect patient care and outcomes. Hospital volume, or the number of procedures performed, is associated with more favorable outcomes for many surgical procedures, including pancreaticoduodenectomy, 8, 9 esophagectomy, 9 prostatectomy, 10 and liver resection. 9 Previous reviews found that the majority of studies support a positive relationship between volume and outcome of initial cancer treatment for both physician and hospital. 11 Other characteristics have emerged as factors related to patient outcomes. In general, studies show that physicians of black patients tend to be less well trained (eg, board certification), and have less access to important clinical resources (eg, high-quality diagnostic imaging) than physicians of white patients. 12 Location, size, and type of hospital have also been associated with treatment outcomes and quality of care. [13] [14] [15] These concepts and research findings suggest that, if blacks are more likely to receive care at hospitals and by physicians that differ in experience from the hospitals and physicians that whites use, this could account for some of the racial differences that are seen in treatment outcomes after prostatectomy.
Previous research by Cohen and associates used the Surveillance, Epidemiology, and End-Results (SEER)-Medicare database to examine patients diagnosed with clinically localized prostate cancer from 1988 to 1996, and found racial disparities in both prostate cancer specific and all-cause recurrence-free survival, with the greatest racial difference in survival found in patients after prostatectomy. 16 However, the study did not analyze whether this disparity is related to the experience level (or volume) of hospitals and surgeons who perform the prostate surgeries. This study expands upon the work of Cohen and associates to examine the relationship between physician/hospital volume and the racial disparity in survival after surgery for prostate cancer.
METHODS

Study Population
Data are from the 1991 to 2002 SEER-Medicare database, described in detail elsewhere. 17 Briefly, SEER-Medicare is a collaborative effort between the SEER program and the Medicare program, offering a comprehensive dataset of cancer diagnosis and treatments as well as other diseases and conditions that may influence treatment and survival. The SEER program is a cancer registry of the National Cancer Institute, collecting data from various areas of the United States on cancer diagnoses, histology, grade, stage, and first treatment, as well as patient demographic characteristics, follow-up of vital status, and cause of death (if applicable). The Medicare program provides health insurance coverage to approximately 97% of Americans 65 years of age or older. Medicare data provides health services claims for care provided by physicians, hospitals, home health care agencies, nursing facilities, and hospice programs.
For this study, patients aged 65 years or older diagnosed with prostate cancer from 7 SEER regions (Atlanta, Connecticut, Detroit, San Francisco, Seattle, San Jose, and Los Angeles) were included. These regions were chosen because they included larger percentages of blacks. Patients were evaluated for treatment after diagnosis. Those who underwent surgery with curative intent for prostate cancer during 1993-1999 and within 6 months of diagnosis were included in the analytic dataset. Surgery was identified using the Healthcare Common Procedure Coding System/Current Procedural Terminology (HCPCS/CPT), International Classification of Diseases, ninth revision (ICD-9), and SEER site-specific surgery codes. Surgery with curative intent was defined by codes for prostatectomy (HCPCS/CPT codes 55810, 55812, 55815, 55821, 55831, 55840, 55842, 55845, 55866; ICD-9 codes 60.3, 60.4, 60.5, 60.6; SEER site-specific codes 30 -90) and lymph node procedures (ICD-9 codes 40.1, 40.2, 40.3, 40.5), because the performance of lymph node procedures commonly indicates a planned prostatec-tomy that was aborted due to the cancer's advanced stage, which was belatedly diagnosed through detection of disease in the lymph nodes during the procedure. Patients were excluded from this study if they lacked continuous Medicare coverage, were enrolled in an HMO, or had an ambiguous date of death.
Measurement of Variables
The main predictor variables, hospital and physician volume, were obtained from the Medicare claims data. Volume is defined as the number of prostate surgeries (identified through prostatectomy and lymph node procedure codes) performed during the 8 quarters before the patient's surgery date. Volume was calculated for the hospital and performing physician of each study patient individually at the time of the patient's surgery. Subjects were included if they had a prostatectomy, but for several, the performing physician or hospital was missing from the record listing the procedure, and so volume for these physicians and hospitals was not calculable. Hospital and physician volume were categorized into tertiles, corresponding to low (hospital: 0 -63 procedures; physician: 0 -9 procedures), medium (hospital: 64 -116 procedures; physician: 10 -19 procedures), and high (hospital: 117-371 procedures; physician: 20 -77 procedures).
The Medicare claims data were also used to derive a comorbidity index score designed specifically for SEER-Medicare. 18 Race (black, white), age (65-69, 70 -74, 75ϩ), and Gleason grade (well differentiated, moderately differentiated, poorly differentiated) were obtained from the SEER data. Cancer stage was obtained from SEER data, which provides prostate cancer staging based on designations by the American Joint Committee on Cancer (AJCC) (stages 1-4) as well as a simplified SEER historic stage (localized/regional and distant). We used the AJCC stage for classifying patients in our study. Where AJCC stage was missing, SEER historic stage was used. 19, 20 Patients were classified as unstaged if insufficient information was available for staging.
Consistent with previous examinations of prostate cancer treatment outcomes, 10,16,21 our endpoints were death or prostate cancer recurrence, captured by any subsequent treatment for prostate cancer at least 6 months or more after surgery, as found in the Medicare claims data. This window is chosen because it allows adequate time to initiate treatment, even after the common multidisciplinary consultations that occur after diagnosis. Treatment for prostate cancer includes radiation (HCPCS/CPT codes 77261-77799 excluding 77600 -77620, ICD-9 codes 92.2, V58.0, V66.1, V67.1; revenue center codes 0330, 0333), orchiectomy (HCPS/CPT codes 54520, 54522, 54530, 54535, 54690; ICD-9 codes 62.3, 62.41, 62.42), and hormonal therapy (HCPS/CPT codes J1050, J1051, J1950, J3315, J9202, J9217, J9218, J9219, J9165). To account for adjuvant therapy, hormonal therapy was only considered as treatment for prostate cancer recurrence if claims were found 6 months or more after surgery, and no claims were found in the window 30 days before diagnosis to 180 days after diagnosis. In addition, if a hormonal therapy claim fell within this window, a 1-year interval between this claim and subsequent claims was necessary in order for hormonal therapy to be categorized as a recurrence Medical Care • Volume 46, Number 11, November 2008 Hospital Volume and Prostate Cancer Survival event. All-cause mortality was recorded as indicated by the vital status variable in Medicare claims data and is comprehensive of prostate-specific mortality and causes of death that may have resulted from health conditions exacerbated by prostate cancer or prostatectomy. If the Medicare vital status variable was missing, the SEER death indicator was used (n ϭ 13). Recurrence-free survival was measured in months from date of prostate surgery to the first event, recurrence or death.
Statistical Analysis
Descriptive analyses were performed to assess baseline characteristics by race. Unadjusted recurrence-free survival rates by race and volume were estimated using Kaplan-Meier survival curves and compared using Log-rank statistics. Because median survival was not reached in this sample (more than 50% of the sample remained alive), we focus on the 25th percentile of recurrence-free survival time, which is the time at which recurrence-free survival probability is 0.75. Hazard ratios from Cox regression models were examined separately for each level of hospital and physician volume 8 to investigate whether racial differences in recurrence-free survival persisted within different categories of volume. To assess potential bias due to our selection of volume cut points we conducted sensitivity analyses using multiple functional forms of volume, including as binary variables (quartiles), and continuous measures, both as a simple linear function and with more complex functions (quadratic and cubic splines). Results showed no change in direction or magnitude of HR estimates for the race effect. Additionally, physician volume did not reach statistical significance in any models simultaneously adjusting for both hospital and physician volume. Models were assessed for confounding by age, cancer stage, Gleason grade, comorbidity score, bed count, and teaching hospital status. Confounding was based on a 10% or greater change in the magnitude of the main effect when the potential confounder was included in the model. 22 The final models were adjusted for age, Gleason grade, comorbidity score, cancer stage, and SEER site. Statistical tests were adjusted for clustering, correcting for within-hospital correlations. All analyses were conducted using Statistical Analysis System (SAS), Version 9 (SAS Institute, Cary, NC).
RESULTS
A total of 8349 patients (962 black, 7387 white) were included in this analysis. The mean age was 69.3 (SD Ϯ 3.7) for blacks and 69.6 (SD Ϯ 3.7) for whites. Blacks were more likely than whites to have poorly differentiated tumors (26.7% vs. 21.5%, P Ͻ 0.001) and a stage IV cancer (8.8% vs. 7.3%, P Ͻ 0.001), though whites were more likely than blacks to have stage III cancer (32.5% vs. 23.5, P Ͻ 0.001). Blacks had greater comorbidity compared with whites as indicated both by a greater proportion with comorbidity scores of 2 or more (9.0% vs. 3.5%, P Ͻ 0.001) and a lower proportion with no comorbidity (64.0% vs. 79.1%, P Ͻ 0.001). Blacks were more likely to have surgeries at high volume hospitals (40.7% vs. 30.4%, P Ͻ 0.001, overall; 43.9% vs. 32.3%, P Ͻ 0.001, among those with known volume) at NCI-designated Cancer Centers (16.2% vs. 8.2%, P Ͻ 0.001), and by lower volume surgeons (low volume: 31.5% vs. 25.9%, P Ͻ 0.001, overall; 50.3% vs. 34.0%, P Ͻ 0.001, among those with known volume; high volume: 11.4% vs. 25.3%, P Ͻ 0.001, overall; 18.3% vs. 33.3%, P Ͻ 0.001, among those with known volume) ( Table 1) . Black men were more likely than white men to receive surgery from a lowvolume physician regardless of the surgical volume of the hospital.
Overall, patients in low volume hospitals experienced shorter recurrence-free survival times than patients in high volume hospitals (25th percentile: 45 months, 95% CI: 42.0 -50.0 vs. 64 months, 95% CI: 57.0 -70.0). Likewise, patients with low or medium volume surgeons experienced similar recurrence-free survival times (25th percentile: 60 months, 95% CI: 54.0 -68.0 and 61 months, 95% CI: 54.0 -67.0), and both were lower than patients with high volume surgeons (25th percentile: 73 months, 95% CI: 66.0 -81.0).
Blacks experienced shorter recurrence-free survival times than whites. The 25th percentile recurrence-free survival time was 43 months (95% CI: 36.0 -47.0) for blacks and 55 months (95% CI: 52.0 -58.0) for whites. As presented in Figures 1 and 2 , stratification by volume presents similar results, with considerable racial disparities in recurrence-free survival that persist among high-volume and low-volume hospitals and physicians, most notably among high-volume hospitals and physicians. Among high-volume hospitals, the 25th percentile recurrence-free survival time was 45 months (95% CI: 37.0 -55.0) for blacks, and 68 months (95% CI: 62.0 -76.0) for whites. Similarly among high-volume physicians, the 25th percentile recurrence-free survival was 43 months for blacks and 77 months (95% CI: 68.0 -83.0) for whites.
Multivariate analyses reveal black race as a significant predictor of recurrence or death among high-and mediumvolume hospitals, even after adjusting for age, Gleason grade, comorbidity score, cancer stage, and SEER site (high-volume adjusted HR ϭ 1.36, 95% CI: 1.07-1.73; medium-volume adjusted HR ϭ 1.30, 95% CI: 1.04 -1.61) ( Table 2) . When comparing physician volumes, black race remained a significant predictor of recurrence or death for patients treated by high-and medium-volume physicians as well (high-volume adjusted HR ϭ 1.57, 95% CI: 1.14 -2.16; medium-volume adjusted HR ϭ 1.43, 95% CI: 1.10 -1.85) ( Table 3 ). Racial differences among low-volume hospitals or physicians did not reach statistical significance.
DISCUSSION
The present study sought to build upon previous research by examining hospital and physician volume as a possible explanatory variable for the disparities in outcomes after prostate surgery. We hypothesized that a portion of the racial differences in prostate cancer treatment outcomes may be explained by different probabilities of seeking care from hospitals and physicians with differing levels of experience: white men may experience better outcomes due to a greater utilization of high-volume hospitals and physicians. This hypothesis was not confirmed-the poorer outcomes experienced by black men were not explained by their differential utilization of less experienced hospitals and/or surgeons. Instead, the racial disparity in outcomes persisted regardless of hospital or physician volume.
The study results suggest that black patients were more likely to experience recurrence or death than were white patients, even when controlling for surgical volume, and confirms previous findings that demonstrate a link between prostate cancer surgical volumes and outcomes: both high physician volume and high hospital volume were associated with better outcomes. 10 They also demonstrate previouslyobserved racial differences in both recurrence 16 and mortality 6 after surgery for prostate cancer. Had our hypothesis been confirmed, as demonstrated through high-volume facilities and surgeons being associated with attenuation in racial differences in outcomes, our findings may have suggested an opportunity for a policy-level intervention to address racial disparities. For example, health plans-including Federal payers-could have been encouraged to improve the outcomes of their minority beneficiaries by taking a proactive role in directing them to high-volume providers. Health systems and their medical staffs would be encouraged to look internally at the hospitals and surgeons who typically serve their communities' higher-risk populations and consider a consolidation of services to improve prostate surgery experience among, perhaps, a more limited number of their constituent hospitals and physicians. Other policy changes could encourage more experienced surgeons to consult on prostate cancer surgeries to mentor less experienced surgeons, or, similarly, encourage ongoing health education partnerships between higher and lower volume hospitals to extend the benefits of such mentoring and training to their surgeons and staff to improve patient outcomes. Although such policies may improve overall outcomes for all populations, our research shows that such interventions may be of limited utility in addressing the differences in outcomes between blacks and whites.
The decision to have surgery is a function of many known factors, including the stage of cancer, doctor recommendations, and patient preferences. Racial differences that transcend these characteristics and persist despite the experience of the provider may point to additional characteristics, such as tumor heterogeneity. Approximately 32% of black patients and 40% of white patients were classified as stage III or IV postsurgery, suggesting that white men with advanced disease were more likely than black men to receive surgery. If this were the case, one would expect white patients in this population to have less favorable outcomes in terms of recurrence, and possibly mortality. However, it is possible that surgeons are more likely to be aggressive with white patients with high-risk localized prostate cancer, which postsurgery is restaged as stage III (and up-coded in the registry data). Black patients with high risk may be guided toward, or inclined to seek, another treatment such as radiation therapy, which would not have subsequent pathologic staging (or up-coding in the registry). In addition, even within each tumor stage, tumors can vary widely with regard to tumor aggressiveness. Descriptive statistics show that blacks were more likely than whites to have poorly differentiated tumors. Thus, the blacks in our study may have had more aggressive disease within these stages.
Our study has several limitations. Volume is a proxy for experience and we examined the 8 quarters before surgery to determine volume levels. Although black men were more likely to have missing data on physician volume than were white men, additional analysis revealed no other discernible patterns in the data to suggest either its cause, the presence of bias, or any direction of bias. Also regarding volume, our data were unable to capture the absolute volume of surgeons, which would include any surgeries performed on patients who did not participate in Medicare (eg, younger than 65 years), or on individuals first diagnosed outside the SEER regions included in our study. A surgeon may also be very experienced in prostate cancer surgeries but was limited in the number performed during this study period due to a myriad of reasons. Thus, our definition of volume may be different from true experience; however, the risk and effect of bias resulting from age-limited analysis (eg, limiting to those age 65 and older) are likely to be limited when considering that previous research has found that the rank order of the hospitals by volume of surgery on patients aged 65 and older to be very similar to the rank order of the hospitals when including the absolute numbers of cancer surgeries performed (eg, all ages). 9 Overall, research consistently demonstrates volume as a predictor of patient outcomes after major procedures, 8 -11 warranting its merit as a proxy for experience.
Our study used claims data to measure recurrence-free survival using a method that has been validated 23 and used in multiple previous studies of prostate cancer. 16, 21 Using this method, our measures of recurrence-free survival are likely conservative compared with true prostate cancer recurrence as this method is not able to capture recurrent disease treated with self-administered prescription drugs or those that required no treatment, such as the "watch and wait" strategy; however, the probability of these scenarios is small and, therefore, so is any likely impact on our findings.
Our decision to use tertiles as opposed to quartiles as cut-points to categorize volume preserved statistical power and precision; however, it may have done so at the risk of losing some insight into the nuances of the volume-outcome relationship. The direction of any potential bias is unclear, and extensive sensitivity analyses of the functional form of the volume measure suggest that use of tertiles was appro- Medical Care • Volume 46, Number 11, November 2008 Hospital Volume and Prostate Cancer Survival priate, and results using other functional forms would not alter our conclusions. Bivariate analysis indicated that black men were more likely to see low-volume physicians, regardless of the hospital volume. It would have been interesting and may have yielded additional explanatory insight to examine the interaction of physician volume and hospital volume in the analytic model, particularly with regard to the effect of seeing low-volume physicians at high-volume hospitals, as experienced disproportionately by blacks in our study. However, study sample size precluded such examination in the analytic model. Regardless, the tendency of black men to see lowvolume physicians in all settings warrants further investigation with a sufficiently large sample size to examine this question more closely.
In addition to prostate cancer-specific recurrence-free survival, overall recurrence-free survival was chosen as an end point and not prostate-specific mortality, because both hospital and physician experience with prostatectomy can influence clinical outcomes attributable to noncancer causes, such as anesthesia, perioperative mortality, and surgery-related sequelae, and this end point allows us to capture these deaths as well as mortality related directly to prostate cancer. As also found in other cancer outcomes studies, our previous research found trends and racial disparities in all-cause mortality to closely mirror prostate-cancer specific mortality, 6, 16 and we have no reason to believe there to be a difference or any consequent bias in this analysis, which is based on the same SEER-Medicare population.
In conclusion, racial differences in recurrence or mortality after surgery for prostate cancer did not consistently decrease with increasing hospital or physician volume as expected. Patterns of care for black men differed from white men in that they tended to undergo surgery at high-volume hospitals, and they tended to be operated on by low-volume surgeons. Thus, the poorer outcomes experienced by black men are not explained by less experienced hospitals or surgeons in these data, and so organizational or systemic interventions to address disparities through volume are not supported, while differences in basic biologic characteristics (eg, tumor aggressiveness), and social and behavioral characteristics remain likely origins of the demonstrated racial differences and points of intervention. Accordingly, future research should investigate other factors that could affect the racial disparity in recurrence and survival after prostate cancer surgery, such as lifestyle factors and clinical characteristics of the prostate tumor.
